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(57) Printhead temperatures are maintained at an
optimum temperature by mounting the printheads (52A,
54A,56A,58A)in thermal contact with a support bar
(46,48,50) through which an interior channel (46A,48A,
50A) has been formed. A cooling medium such as water
is circulated through the channel (46A,48A,50A), the cir-
culating medium absorbing heat generated by the print-
head during operation. In one partial width array embod-
iment, support bars (46,48,50) are mounted at each end
to hollow frame members (42,44). Channels (46A,48A,
50A) are formed through the length of the bars
(46,48,50) which connect into the interior of the frame
members (42,44). Water introduced via a pump/circula-
tion mechanism (62,64) enters the entrance port of one
frame member (42), circulates through the bar channel
(46A,48A,50A), and exits the other frame member (44)
through an exit port. Recirculation is achieved using a
feedback loop between a water reservoir (64) and a
pump (62). In another embodiment, a plurality of print-
head modules (72A) are butted together on a single
cooling support bar (73) having a channel therethrough
through which water is circulated.

Ink jet printer with improved printhead cooling system
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Description

The present invention relates to ink jet printing, and
more particularly to a system for cooling ink jet print-
heads during operation to maintain the printhead at an
optimum temperature.

Conventionally, most commercial ink jet printers are
of the partial width array scanning type wherein a print-
head module, typically one inch in width and containing
a plurality of ink ejecting nozzles or jets, is mounted on
a carriage which is moved in a scanning direction per-
pendicular to the path of motion of a recording medium
such as paper. The printhead is in fluid communication
with an ink supply cartridge. After each line scan by the
printhead, the recording medium is advanced, and the
printhead is scanned again across the medium. A black
only scanning printer is disclosed, for example, in U.S.
Patent 5,136,305. For color printing, additional print-
head modules and associated color ink jet cartridges are
added to form a printer configuration of the type, for ex-
ample, disclosed in 5,099,256.

Pagewidth ink jet printers are known in the art which
utilize one or more full pagewidth array printbars. In
these pagewidth printers, a printbar is fixed in position
adjacent to the path of the recording medium. Since
there is no scan and re-scan time, a much higher print
speed (on the order of 10:1) is enabled. One full width
print bar may be used for a black only system; additional
full width color printbars may be added to enable a high-
light or full color printer.

One known problem, with both partial and full width
thermal ink jet printers, is the degradation in the output
print quality due to increased volume of ink ejected at
the printhead nozzles resulting from fluctuations of print-
head temperatures. These temperatures produce vari-
ations in the size of the ejected drops which result in the
degraded print quality. The size of ejected drops varies
with printhead temperature because two properties that
control the size of the drops vary with printhead temper-
ature: the viscosity of the ink and the amount of ink va-
porized by a firing resistor when driven with a printing
pulse. Printhead temperature fluctuations commonly
occur during printer startup, during changes in ambient
temperature, and when the printer output varies.

When printing text in black and white, the darkness
of the print varies with printhead temperature because
the darkness depends on the size of the ejected drops.
When printing gray-scale images, the contrast of the im-
age also varies with printhead temperature because the
contrast depends on the size of the ejected drops. When
printing color images, the printed color varies with print-
head temperature because the printed color depends
on the size of all the primary color drops that create the
printed color. If the printhead temperature varies from
one primary color nozzle to another, the size of drops
ejected from one primary color nozzle will differ from the
size of the drops ejected from another primary color noz-
zle. The resulting printed color will differ from the intend-
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ed color. When all the nozzles of the printhead have the
same temperature but the printhead temperature in-
creases or decreases as the page is printed, the colors
at the top of the page will differ from the colors at the
bottom of the page. To print text, graphics, or images of
the highest quality, the printhead temperature must re-
main constant.

Various printhead temperature controlling systems
and methods are known in the prior art for sensing print-
head temperature and using sensed temperature sig-
nals to compensate for temperature fluctuations or in-
creases.

U.S. Patent 5,220,345 discloses a printhead tem-
perature control system which places a plurality of tem-
perature detectors at different positions and monitors
the temperature differences to control ink supplied to the
associated ink channels.

U.S. Patent 5,168,284 discloses a closed loop sys-
tem which produces non-printing pulses in response to
a difference between a reference temperature signal
and printhead temperature signals produced by a tem-
perature sensor located on the printhead.

U.S. Patent 5,223,853 to Wysocki et al. discloses a
method of controlling the spot sizes printed by a thermal
ink jet printer. The temperature of the ink in the printhead
is sensed and a combination of power level and time
duration of the electrical input signal to the heating ele-
ments is selected by entering the sensed temperature
of the ink into a predetermined function relating to the
energy of the input signal to the corresponding resulting
size of the spot on the copy sheet.

U.S. Patent 5,017,941 discloses a printhead which
is cooled by circulating a cooling medium through pas-
sageways formed in the printhead.

Maintaining a printhead temperature at a constant
level by use of a cooling medium such as air or a fluid
is an attractive and inexpensive technique, dispensing
with the need for temperature monitoring circuits. Blow-
ers are, however, an additional expense and modifying
a printhead to circulate a cooling fluid therethrough as
described in the '941 patent presents additional fabrica-
tion problems and expense.

It is therefore one object of the invention to provide
an inexpensive thermal cooling of an ink jet printhead
during a print operation.

It is a further object to provide a cooling means for
circulating cooling medium which does not require mod-
ification of the printhead.

According to the present invention there is provided
an ink jet printer including at least one printhead which
is energised to cause expulsion of ink droplets through
printhead nozzles onto a recording medium, the at least
one printhead having a printhead cooling system com-
prising:

a cooling support bar having a channel formed
therethrough, the printhead being mounted in ther-
mal contact with said support bar and
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means for continuously circulating a cooling medi-
um through said support bar channel, wherein heat
generated by the printhead during print operation is
thermally transferred to the medium circulating
through the support bar.

In one embodiment, partial width printheads form a
scanning printhead assembly and are maintained at an
optimum operating temperature by circulating cooling
fluid from a common reservoir source through channels
formed in cooling support members to which the print-
heads are secured.

In another embodiment, partial width array chips
are abutted together to form a full width printhead, and
the printhead chips are mounted on a single cooling sup-
port member.

FIG. 1 illustrates a partial perspective view of a
printer having a plurality of partial width array printheads
movably mounted on a scanning carriage so as to scan
across a curved surface of a paper holding drum.

FIG. 2 shows an end view of the printer of FIG. 1.

FIG. 3 shows a top view of the printer of FIG. 1, in-
cluding ink reservoirs and water cooling and tempera-
ture control components.

FIG. 4 shows a top view of a full width printbar
mounted on a single cooling support bar.

While the present invention will be described in con-
nection with preferred embodiments thereof, it will be
understood that it is not intended to limit the invention
to that embodiment. On the contrary, it is intended to
cover all alternatives, modifications, and equivalents as
may be included within the spirit and scope of the inven-
tion as defined by the appended claims.

FIG. 1 illustrates the cooling of a partial width array
printhead assembly in a scanning architecture. As
shown, a printing apparatus 10 includes a motor 11 con-
nected to a suitable power supply (not shown) and ar-
ranged with an output shaft 14 parallel to an axis 15 of
a cylindrical drum 16, preferably of aluminum construc-
tion, which is supported for rotation on bearings (not
shown). A pulley 17 permits direct engagement of the
output shaft 14, to a drive belt 18 for enabling the drum
16 to be continuously rotationally driven by the motor 11
in the direction of an arrow A at a predetermined rota-
tional speed. The rotational speed is set to maximum
determined by the firing logic (the number of jets and
number fired at a time) and the maximum jet firing rate.

A recording medium 19, such as a sheet of paper
or atransparency, is placed over an outer surface 20 of
the drum 16, with a leading edge 21 attached to the sur-
face 20 before printing to enable attachment of the sheet
thereto either through the application of a vacuum
through holes in the drum 16 (not shown) or through oth-
er means of holding such as electrostatic. As the drum
16 rotates, the sheet of paper 19 is moved past a print-
head carriage 22 supported by a lead screw 24 arranged
with the axis thereof parallel to the axis 15 of the drum
16 and supported by fixed bearings (not shown) which
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enable the carriage 22 to slidably translate axially. A car-
riage rail 23 provides further support for the carriage as
the carriage moves in the direction of arrow 25 perpen-
dicular to the moving direction of the sheet 19. A second
motor 26, such as a stepper motor or other positioning
mechanism, controlled by a controller 28, drives the lead
screw with a second belt 29 connecting a clutch 30 and
a clutch 31 attached to the lead screw 24 for movement
thereof.

The printhead carriage supports a color printhead
assembly 40, details of which are shown in FIGS. 1 - 3.
Assembly 40 comprises two end frame members, 42,
44, to which are secured support bars 46, 48, 50. Bars
46 to 50 are arranged in an angular alignment with re-
spectto center point C of drum 16 in a manner described
below. Bars 46 to 50 are prearranged in an angular
alignment and are of graphite in the preferred embodi-
ment. A first partial width array printhead cartridge 52
(magenta) is secured to the side of bar 46; a second
PWA color printhead cartridge 54 (cyan) is secured to
bar 48, and a third color PWA printhead cartridge 56
(yellow) is secured to the side of bar 50. A fourth PWA
printhead cartridge 58 (black) is also secured to the side
of bar 46. All of the printheads assume the same angular
orientation as the bars to which they are secured.

Printed wiring boards (not shown) contain circuitry
required to interface and cause the individual heating
elements (not shown) in the subunits to eject ink drop-
lets from the nozzles. While not shown in FIG. 1, the
printed wiring boards are connected to individual con-
tacts contained on the subunits via a commonly known
wire bonding technique. The bit mapped image data re-
quired to drive the individual heating elements of the
printhead subunits is supplied from an external system
by a standard printer interface, modified and/or buffered
by a controller 42 and transferred to the printheads by
ribbon cables (not shown) attached thereto.

Each printhead cartridge comprises a printhead flu-
idly connected to an ink tank. The cartridge 52 compris-
es a printhead 52A connected to ink tank 52B. Cartridge
54 comprises a printhead 54A connected to ink tank
54B. Cartridge 56 comprises a printhead 56 A connected
to ink tank 56B and cartridge 58 comprises a printhead
58A (not visible) connected to cartridge 58B. The ink
tanks are connected by flexible supply lines 52C, 54C,
56C, 58C to separate sections of an ink supply reservoir
60.

The cooling system for cooling printheads for 52A
to 58A will now be described, with reference to FIG. 3,
As shown in FIG. 3, frame member 42 has a port 42A
which connects to an interior chamber 42B. At the bot-
tom of chamber 42B, exit ports 42C, 42D and 42E con-
nect into the entrance ends of channels 46A, 48A, 50A
formed, respectively, through the length of bars 46, 48,
50. Frame member 44 has a port 44A connecting to an
internal chamber 44B. At the bottom of chamber 44B,
exit ports 44C, 44D and 44E connect with the exit ends
of channels 46A, 48A, and 50A.
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A pump 62 is connected to a water reservoir 64.
Tube 66 connects the water to the pump and tube 68
connects water from the pump into chamber 42B via port
42A. Tube 70 is connected between port 44A and a heat
exchanger 72 to reservoir 64 via tubing 74. (Head ex-
changer 72 may not be needed if the duty cycle of the
printing system is very low.) Optionally, an immersible
reservoir heater 76 is placed within reservoir 64 to in-
crease and maintain the reservoir temperature at sev-
eral degrees above ambient to minimize variations in
nominal spot size of ejected ink droplets. Maintaining
the temperature 5-8°C above ambient also significantly
improves the heat transfer rate of the system, therefore,
requiring a smaller heat exchanger.

In operation, the carriage under control of the sys-
tem controller carries the printhead assembly along the
scan path forming color images in a known manner on
the recording medium 19. The sheet 19 is advanced fol-
lowing each print scan. As operation continues, the
printhead tends to overheat. However, because of the
cooling system in place, water is continuously circulated
through the supply bars, the water absorbing heat from
the printheads, providing a cooling effect and maintain-
ing the printhead in optimum temperature.

FIG. 4 shows a second embodiment of the invention
wherein a printer 70 includes a full width black printbar
72 positioned to write on a recording medium 74 which
is indexed by a motor (not shown) and moves in the di-
rection of arrow 76. Printbar 72 has been assembled
from a plurality of printhead modules 72A which have
been butted together and secured on support bar 73 to
form a 12" printbar according to the techniques de-
scribed, for example, in U.S. 5,221,397, whose contents
are hereby incorporated by reference. Printbar 72, in
this embodiment, provides 7,200 nozzles or jets. As de-
scribed in the '397 patent, the printbar modules 72A are
formed by butting together a channel array containing
arrays of recesses that are used as sets of channels and
associated ink reservoirs and a heater wafer containing
heater elements and addressing circuitry. The bonded
wafers are diced to form the printbar resulting in forma-
tion of the jets, each nozzle or jet associated with a chan-
nel with a heater therein. The heaters are selectively en-
ergized by input data sent from controller 42 to heat the
ink and expel an ink droplet from the associated jet. The
ink channels are combined into a common ink manifold
78 mounted on the side of printbar 72 and in sealed com-
munication with the ink inlets of the channel arrays
through aligned openings. The manifold 78 is supplied
with the appropriate ink, black for this embodiment, from
an ink reservoir 80 via flexible tubing 82.

Support bar 73 has a channel 84 formed within the
bar running along its entire length. The channel has an
entrance port 73A and an exit port 73B. Pump 86 is con-
nected to water reservoir 88. Tube 90 connects the wa-
ter to the pump and tube 92 connects water from the
pump into channel 84 via port 73A. Tube 94 is connected
between port 73B and a heat exchanger 96 to reservoir
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88 via tubing 98. An immersible reservoir heater 100 is
again placed within reservoir 88 to increase and main-
tain the reservoir temperature at several degrees above
ambient. As in the previous embodiment, during opera-
tion, water is continuously circulated through channel 84
in support bar 73 absorbing heat from the printhead dur-
ing its passage. Test results demonstrate control of tem-
perature across the printbar 72 by + 2°C, and a reduc-
tion of the average steady state printhead temperature
by as much as 22°C during an extended print run.

While FIG. 4 shows only a single black full width
printer, it is understood that additional printbars can be
added to produce a full color printer, each additional
printbar being cooled by the same type of cooling mech-
anism.

While the invention has been disclosed in an em-
bodiment wherein the images are formed on a curved
image surface, the invention may be practiced in sys-
tems where the image is formed on a planar image sur-
face.

Claims

1. An ink jet printer including at least one printhead
(52A,54A,56A,58A) which is energized to cause ex-
pulsion of ink droplets through printhead nozzles
onto a recording medium (19), the at least one print-
head having a printhead cooling system compris-

ing:

acooling support bar (46,48,50) having a chan-
nel (46A,48A,50A)formed therethrough, the
printhead being mounted in thermal contact
with said support bar and

means (62,64) for continuously circulating a
cooling medium through said support bar chan-
nel, wherein heat generated by the printhead
during print operation is thermally transferred
to the medium circulating through the support
bar.

2. A printer according to claim 1, wherein the coolant
circulating means comprises a cooling medium res-
ervoir (64) and a pump (62).

3. A printer according to claim 2 further comprising a
heat exchanger (72,96) connected between the
cooling support bar and the cooling medium reser-
VOIr.

4. Aprinter according to claim 2 or 3, further compris-
ing a heater (76) for increasing the temperature of
the cooling medium and the cooling medium reser-
voir (64).

5. A printer according to any preceding claim further
including a reciprocating carriage (22) and wherein
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said cooling system comprises a plurality of support
bars (46,48,50) mounted on said carriage, each
support bar having a channel therethrough (46A,
48A,50A), each support bar having at least one
printhead cartridge (52A,54A,56A,58A) mountedin &
thermal contact thereon, said cooling system fur-
ther including first and second frame members
(42,44) having a port (42A,44A) connecting to a
chamber (42B,44B) interior to each frame member,

the support bars being mounted to said frame mem- 10
bers so that said channels terminate into said cham-
bers, and wherein said means (62,64) for circulating

a cooling medium is fluidly connected between said
frame member ports so that the cooling medium
flows in a closed loop through the entrance port of 15
one frame member into the interior chamber of said
frame members through the bar channels, and ex-
iting the second frame member exit port and return-

ing to the circulating means.

20
A printer according to claim 5 wherein three color
printhead cartridges (52A,54A,56A) and a black
cartridge (58A) are mounted on said support bars,
and said printer further including means (60) for re-
filling said cartridges with ink of a selected color. 25

A printer according to any one of claims 1 to 4
wherein a plurality of printhead modules (72A) are
butted together and mounted on at least one cooling
support bar (73) to form a full width array printhead. 30

35

40

45

50

55



EP 0 870 622 A1

/
o
(18]
=
O
o
—
y 4
O
U




EP 0 870 622 A1




EP 0 870 622 A1

| INK
60 RESERVOIR
HOUSING
52C
Q\ 42C 54C 58¢C
I}
428 [O) /46,7 46a _55C O | 448
Ny il %2
52— —dF A 0FRFF === 1_ a4 —-—~44C
o ! ! ] : r\ﬁ
528_1. . ~—{_ 588
t —_— e — J T ] ]
420 .-t HA===//==f=========--—= 23— 44D
[} j y | N
54— @ 1— 48" 48A° |'
o Y pppp é _____ 2 ‘_“f_ _______ [ - 44E
42E---"[T Qo ——m— =~ — T=F 1 44A
I W/ Bl
'\ o N\ 50°s04" |
S 42A 54 S
68 o ')
o
70
L_J
62 64 72
4 V4 /
66 74
PUMP / WATER / HEAT
RESERVOIR EXCHANGER
0000
- T 76



EP 0 870 622 A1

BITMAPPED
IMAGE DATA
‘ 80—
42 INK
CONTROLLER | RESERVOIR

82
-78
72
A/ B

73

-
86 88 96
H / / 7
! 90| ' 98
[ WATER / HEAT
PUMP RESERVOIR EXCHANGER

| = 100
FIG. 4



EPO FORM 1503 03.82 (P04C01)

EP 0 870 622 A1

0’) z‘f‘f'_‘::ea" Patent  EUROPEAN SEARCH REPORT
1

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 98 30 0470

vol. 017, no. 623 (M-1511), 17 November
1993

-& JP 05 193229 A (PFU LTD), 3 August
1993,

* abstract *

Category Citation of %?i:{gs;‘; :«Fn)gw Sisnadgi(;a;tion, where appropriate, geé?;/"annt gbﬁ?%:ﬁgﬁlogngggs
X JP 08 207 272 A (XEROX) 13 August 1996 1-4,7 B41J29/377
* the whole document *
L -4 US 5 631 676 A (XEROX) 20 May 1997
% column 1, line 1 - line 256 *
* column 2, Tine 38 - column 3, line 45 %
X EP 0 736 390 A {CANON KK) 9 October 1996 |[1-6
% column 7, line 48 - column 11, line 25;
figure 5C *
X EP 0 450 641 A (CANON KK) 9 October 1991 (1,7
* page 10, line 40 - Tine 42 *
* page 15, line 52 - page 16, Tine 24 *
* page 23, line 29 - page 25, line 42;
figures 3,6,9 *
X PATENT ABSTRACTS OF JAPAN 1-4
vol. 097, no. 002, 28 February 1997
-& JP 08 276573 A (CANON INC), 22 October
1996,
* abstract =* TECHNICAL FIELDS
o SEARCHED  (Int.CL.6)
X PATENT ABSTRACTS OF JAPAN 1,2 B41J
vol. 015, no. 339 (M-1152), 28 August 1991
-& JP 03 133657 A (SEIKO EPSON CORP), 6
June 1991,
* abstract *
A US 5 192 958 A (CHARNITSKI GEORGE A) 9 5
March 1993
* figure 2 *
A PATENT ABSTRACTS OF JAPAN

E
X : particularly relevant if taken alone
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons

A : technological background

- /_._
The present search report has been drawn up for ali claims
Place of search Date of compietion of the search Examiner
THE HAGUE 29 June 1998 Van Oorschot, J
CATEGORY OF CiTED DOCUMENTS T : theory or principle undertying the invention

: earlier patent docurnent, but published on, or

after the filing date

Q : non-written disclosure & : member of the same patent family, corrasponding
P : intermediate document document

10




EPO FORM 1503 03.82 (P04C01)

9

EP 0 870 622 A1

European Patent
Office

EUROPEAN SEARCH REPORT

Application Number

EP 98 30 0470

DOCUMENTS CONSIDERED TO BE RELEVANT
Catego! Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
gory of relevant passages toclam | APPLICATION (Int.ClL6)
A PATENT ABSTRACTS OF JAPAN
vol. 015, no. 443 {(M-1178), 12 November
1991
-& JP 03 187753 A (CANON INC), 15 August
1991,
* abstract *
TECHNICAL FIELDS
SEARCHED (Int.CL.6)
The present search report has been drawn up for all claims
Piace of search Date ot compietion of the search Examiner
THE HAGUE 29 June 1998 Van Oorschot, J
CATEGOCRY OF CITED DOCUMENTS T : theory or principle underlying the invention
£ : carlier patent document, but published on, or
X : particuiarly relevant it taken alone after tha filing date
Y : particularly relevant if combined with another D : documant cited in the application
document of the same category L : document cited for other reasons
Actechnological Background e amne e e e
QO : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document

11




	bibliography
	description
	claims
	drawings
	search report

